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控制流程并进行了规模制备，初步阐明了 DAM 的抗肿瘤作用及其诱导 HeLa 细
胞凋亡的作用机制，并通过裸鼠移植瘤模型验证其体内抗肿瘤作用。主要研究结
果包括以下几个方面： 
1） 在 10 L 罐水平筛选确定 P2-139 菌株作为后续发酵菌株，并对 P2-139
发酵培养基质中的葡萄糖浓度和马铃薯汁浓度、接种量及发酵转速进行调整优
化，最终确定 P2-139 的发酵培养基组成：马铃薯 200 g/L、葡萄糖 65 g/L、陈海
水 20%（V/V）；接种量为 5-7%之间；10 L 罐转速控制在 400 r/min 以内，200 L
罐 300 r/mim 以内。 
2）10 L 罐水平上，以发酵不同阶段的临界氧浓度和 KLa 为依据，并考虑生
物量的影响，我们提出了通过对转速和通气量的调节，使 DO 在发酵前期维持在
20%～30%，发酵中期在 28％以上，发酵后期在 30％～60％的分阶段溶氧控制
发酵工艺，并取得了良好的效果，DAM 产量稳定可达 100 mg/L 以上。 
3）通过对发酵过程残糖浓度的测定，结合 DAM 产生特点，提出发酵后期
流加补料策略，对比了不同的补料形式与浓度，最终确定葡萄糖+马铃薯汁复合
补料流加的方式，并将残糖浓度控制在 10 g/L 的方案。 
4）利用上述优化后的发酵条件，以 DO 控制为准则在 200L 罐上进行中试放
大，DAM 产量达到 123.1 mg/L，发酵数次，并规模制备，共制备 20 g 以上的
DAM。 
5）通过 MTT 实验发现，DAM 可有效抑制多种肿瘤细胞的生长增殖，其中
HeLa 细胞对 DAM 作用最敏感。 















向线粒体聚集，Cyto C 从线粒体释放，抗凋亡蛋白 Bcl-2、Bcl-xL 表达量下降，
而促凋亡蛋白 Bax 等上调。DAM 可诱导 HeLa 细胞出现 G2/M 期周期阻滞，多
个与周期相关蛋白含量出现变化，p21、CyclinB1、GADD45α 上调，Cdc25c、
Wee1 等下降。 
7）DAM 诱导的 HeLa 细胞凋亡与 ROS 含量的上升相关， DAM 可引起
Trx-ASK1 复合物的分离，并进而激活相关信号通路。DAM 可抑制 HeLa 细胞内
与细胞存活相关的多个 Hsp90 客户蛋白的表达，并可持 续性激活 MEK/ERK 信
号通路。 
8）通过 HeLa 细胞裸鼠移植瘤实验发现，DAM 能有效抑制移植瘤的生长，
抑制率达 64.8%，通过对移植瘤的免疫组化分析，发现 DAM 可引起移植瘤内多





















Marine biological resources provides an important source for natural products, 
mangrove endophytic fungi produce some novel secondary metabolites because of its 
unique physiological and metabolic system. DAM, a second metabolic product of 
endophytic fungi Phomopsis sp. A-1-2-3, first separated by Lishan Yang,which 
contains an oxygen-bridged cyclooctadiene, is novel and represents a new class of 
fungal metabolites. It have stronger antitumor activity, and is worth further research. 
In this paper,we established the process-control of DAM liquid amplifying 
fermentation and the scale-up preparation process. we studied the anti-tumor function 
of  DAM and its mechanism that induce HeLa to apoptosis. The main research and 
results are as follows. 
   1) P2-139 was determined as the subsequent fermentation strain by screening in 
10 L fermentation .Also The glucose concentration and the potato juice concentration 
in fermentation medium was optimized in 10 L fermentation, ultimately the  
optimal  fermentation medium component as followed : 200 g/L potato, 65 g/L 
glucose, 20% seawater (V/V)；the amount of inoculum determined between 5% to 
7.5%；the speed that control within 400 r/mim in 10 L fermentation and within 300  
r/mim in 200 L fermentation. 
2) Limited DO concentration and KLa measurements showed that, Dissolved 
oxygen concentration (DO) must maintain at 20% to 30% or more in order to ensure 
the normal growth and metabolism of the P2-139 strain. In 10 L fermentation, the DO 
was controlled as followed: more than 20% in the initial (0~96 h); more than 28% in 
the metaphase(96~218 h) and 30%~60% in the later stage, Under these conditions, the 
yield of DAM would reach 100mg/L or more. 
3) Through measuring the concentration of residual sugar in fermentation 
process and comparing the different forms and concentrations of feeding,glucose 
concentration was controlled at 10% by method of fed-batched with glucose + potato 















4) According to the above study, the yield of DAM would reach 120mg/L or 
more in 200 L scale-up fermentation. Fermented 3 times, and the preparation of the 
scale, a total of more than prepared DAM 20 g. 
5) DAM demonstrates a concentration-dependent inhibitory effect on the 
proliferation of various tumor cells by MTT.It has different effects on different types 
of cancer cell, among which HeLa is most sensitive to the inhibition of DAM 
6) DAM induces typically intrinsic, caspase-dependent apoptosis in HeLa cells 
during which Bcl-2, Bcl-xL down-regulated, Bax up-regulated, Bax processed cytosol 
to mitochondria traslocation and Cyto C released from mitochondria. It exposure to 
HeLa cells resulted in a cell cycle arrest at G2/M phase and, ultimately, the induction 
of apoptosis. MED-induced G2/M arrest was accompanied by the upregulation of 
cyclin B1 and p21 and the downregulation of cdc25c, wee1. 
7) DAM induced apoptosis through the generation of ROS in HeLa cells. DAM 
can cause Trx - ASK1 complex separation, and then activate the related apoptosis 
signaling pathways.It caused a great degradation of Hsp90 client proteins in the 
sensitive tumor cell(such as HeLa), MED inhibits the proliferation of HeLa cells but 
persistently activates MEK/ERK signaling pathway. 
8) DAM can effectively inhibit the growth of HeLa xenograft in nude mice. The 
tumor inhibition rate reached 64.8%. Through immunohistochemical analysis of the 
transplanted tumor, we found that DAM can cause a variety of Hsp90 associated 
proteins in the transplanted tumor changes, AKT protein expression was significantly 
decreased, MEK and ERK phosphorylation levels increased significantly in the 
treatment group. 
The study has paved the way for the DAM on industrial scale fermentation and 
preparation.It laid the foundation for the further study for the development of DAM as 
a anti-tumor drug. 
Key words:： Deacetylmycoepoxydiene；scale-up fermentation；apoptosis；Hsp90; 


























    从自然资源中寻找具有显著生物活性的天然产物作为先导化合物并由此得
到的天然产物衍生物是新药开发的主要途径[1]。海洋由于其独特的环境和生物
多样性，已成为许多天然产物的重要来源[2]。根据Nat. Prod. Rep.统计, 2008至 
2012年之间，每年发现新的海洋天然产物数量为1065[3]、 1011[4]、1003[5]、1151[6] 
和1035[7]，平均每年发现新的海洋来源天然产物在1000个左右。 























图 1-1 产海洋天然产物的微生物种类[8]  





图 1-2 产海洋天然产物的微生物生境分类[8]  
Fig.1-2 Microbial habitat classification of Marine natural products 
海洋微生物产生的天然产物结构种类多样，其中以聚酮类化合物和含氮类化



















图 1-3 海洋天然产物的主要结构分类[8]  
Fig.1-3 The main structure classification of Marine natural products 
 
图 1-4 海洋天然产物结构与产生菌生境关系[8]  
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